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Hydroponically Growing a Holistic Superfood Diet for
Mars Exploration
Marianna M. Pezzella
Abstract
In “Hydroponically Growing a Holistic Superfood Diet for Mars Exploration,” Project H.O.M.E.
members analyze how to provide future astronauts with a complete, balanced diet on a planet that does not
receive as much sunlight as Earth. Sending massive amounts of food into space is incredibly expensive, takes
up valuable spacecraft area, and is overall not a feasible way to provide astronauts with sustenance. Project
H.O.M.E. has thus developed a hydroponic system to evaluate the growth and yield of various superfoods
- including Moringa Oleifera, goji berries, and kale - under simulated Mars lighting conditions. Based on
the hypothesis that the growth of the superfood plants in simulated lighting conditions will be similar to
their growth in regular lighting conditions here on Earth, Project H.O.M.E. members evaluated Dutch
bucket, tower garden, and nutrient flow table indoor hydroponics systems to grow foods that contribute to
a complete set of nutrients. Data suggests that these three plants are perennial hydroponic crops, which can
be grown under reduced illumination, and are candidate food sources for Mars explorers. Currently, a solar
powered 8x12ft greenhouse is being used to hydroponically grow the selected superfoods. In the past 13
months, Project H.O.M.E. has utilized natural light with shading cloths covering the greenhouse to simulate
the reduction of light on Mars. In conclusion, this project determined that the growth of superfoods using
hydroponics systems would be a preferred farming method for space, demonstrating the incredible potential
for future missions to Mars.

Introduction

closeness to the Earth, and incredible winds that
could be used as a powerful energy source, space
industries and private businesses such as NASA,
SpaceX, Boeing, Blue Origin, and Mars One are in
some way involved in the space race to Mars.

Humans are going to Mars. Elon Musk
stated in one of his recent interviews that he
believes that SpaceX will launch the first manned
mission to Mars in 2026 (Wall, 2020). Starting
in the mid 1900s, scientists began considering the
possibility of traveling to Mars (Garber, 2015).
Since then, there have been various groups of
people committed to finding a way for humanity
to colonize the red planet (Potter, 2019; Garner,
2015). Astronomers, astrophysicists, engineers,
biologists, and many other groups have been
working together to figure out how humans can
travel to, and eventually live, on Mars, especially
when humans have used up most of Earth’s
resources (Potter, 2019; “NASA’s,” 2014; “Mars,”
2021). Even though Earth is massive, it’s resources
are finite and the longevity of the human race
is in question (Alcoforado, 2015). With Mars’s
approximately similar day and night cycle, relative

One aspect of this journey is determining
the most efficient and sustainable food source for
the astronauts, and eventually, the rest of humanity
that travels to and lives on Mars. The food issue
has been one of the biggest challenges for space
industries for many years, and scientists still have
not found a completely suitable solution (Douglas
et al., 2020; May, 2015). There are many factors
to think about when deciding on how to produce
and sustain a holistic diet, including what kinds of
foods, growing and storage procedures, total cost,
and necessary materials, to name a few.
In the past, space industries have sent
an abundance of food into space for the crew
(“Solving,” 2021). However, these space flights are
1
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usually for a short period of time; sending large
amounts of food into space for astronauts going
to Mars would not be feasible. Today, sending a
kilogram of food to Space costs around $2,760
for SpaceX missions (Cobb, 2020). In hopes of
finding an alternative solution to sending massive
amounts of food into space on missions to Mars,
Project H.O.M.E. (Hydroponic Operations for
Mars Exploration) was started by Embry-Riddle
Aeronautical undergraduate Deanna DeMattio in
2017. Project H.O.M.E.’s goal is to hydroponically
grow a holistic superfood vegan diet for astronauts
as they travel to and live on Mars. Hydroponics
systems are a method of growing food in locations
where soil conditions are too poor to support
farming, or space is limited and a farm otherwise
couldn’t exist (“Green Our Planet,” 2020). Mars
does not have soil, but rather has a powdery, claylike material called regolith (Eichler et al., 2021).
Regolith, unlike soil, cannot be used as a gardening
medium for many reasons, but mostly because
of its lack of nutrients (Eichler et al., 2021).
Hydroponics, then, would allow for astronauts
to grow food without soil, control the growing
environment, and recycle the water pumping
through the systems. Traditional gardening
techniques used on Earth do not have these added
benefits, which is why Project H.O.M.E. chose
hydroponics as a way to grow food for space travel.
There are three hydroponics systems used in this
research project: Dutch bucket systems, vertical
tower gardens, and a nutrient flow table (NFT).
The greenhouse where the plants are currently
being grown is run mainly by solar panels; they
receive around 590 W/m^2 by utilizing shade
cloths to cover the greenhouse. This reduction of
lighting is the main aspect of growing the crops
hydroponically that was tested in this project.
The main purpose of this report is to describe
and analyze the results of the experiment. This
report will not include major background on
Project H.O.M.E’s founding or first iterations
of its experiments, as that information can be
found in volume four, article five of the Beyond
Undergraduate Research Journal. This report
focuses on the conclusions and evaluation of the
experiment conducted between October of 2020

and July of 2021.

Literature Review
Transportation, Cost and Variation
As space companies grow and space travel
becomes more practical, the need for a reliable food
source is becoming inevitable. With the current
situation on Earth of ground salination, access to
clean water, nonrenewable resources, and global
warming, the search continues for different ways
to grow food in robust environments. Currently,
when NASA and SpaceX send food into space, they
store the food in one of two ways: thermostabilized
or freeze-dried (“Space,” 2020). Although these
two methods work, there are a few issues that could
hopefully change with future designs.
Cost efficiency is one of the biggest
setbacks with sending food into space. Most of
the food that astronauts consume is sent directly
from Earth (Cobb, 2020). For the SpaceX Falcon
9, the rocket used to access the ISS, each kilogram
of food cost $2,720 (Cobb, 2020). Although this
number is extremely low compared to the late
1990s when each kilogram averaged $18,500,
the price could still decrease (Cobb, 2020). There
must be ways to reduce the cost of transportation
and production of food for astronauts. Regardless
of price decreases, however, sending Earth-grown
food to Mars habitats will still not be economically
feasible. Growing food on Mars will save scientists
time, effort, and money to produce and transport
the food. Project H.O.M.E. can possibly provide a
solution to these growing challenges and concerns.
The other issue with the current food
options is the lack of fresh food. “Some of the
most highly desired food aboard the ISS is fresh
produce, which must be consumed first before it
spoils” (“Space,” 2020). An astronaut’s meals are
prepared and packaged by the Space Food Systems
Laboratory at NASA Johnson Space Center
(JSC) (“Solving,” 2021). Prior to their flight,
each astronaut chooses from approximately 200
standard menu items to create their own menu
tailored to their individual tastes (“Solving,” 2021).
2
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Being able to have food options when on a space
mission is an underrated joy to astronauts. The
little variations in an astronaut’s life feel much
more important than they would normally feel to
someone living on Earth. Growing food on Mars
instead of eating pre-packaged meals will provide
astronauts with some of this desired variation,
which is why Project H.O.M.E. has experimented
with a variety of superfoods

for short) analyzed plant growth in microgravity
(Heiney, 2019). Certain plants were grown in claybased media and fertilizer (Heiney, 2019). Veggie
has successfully grown a variety of plants, including
lettuce, cabbage, and kale (Heiney, 2019). More
research is being conducted to expand the project
to include beans, berries, and other nutrient-rich
foods (Heiney, 2019). Project H.O.M.E. extends
the micro-gravity work of Veggie to consider
the atmospheric growing conditions on Mars.
Mars’s atmosphere is primarily made up of carbon
dioxide, nitrogen, argon, and a few other trace
elements (“Mars,” 2021). With this atmospheric
composition, plants can be grown there simply by
compressing the atmosphere (“Mars,” 2021). The
gravity on Mars is 38% of Earth’s gravity, and the
day length is 24 hours, 37 minutes - very similar to
an Earth day (“Mars,” 2021). Mars receives about
50% less sunlight than Earth, meaning this planet
can get much colder (“Mars,” 2021).

Superfoods
Although there is no scientific definition
of what a superfood is, certain foods are often
called ‘superfood’ if they are considered to have a
high level of desirable nutrients, and if they offer
health benefits beyond just their nutrient value
(“Harvard,” 2019). Moringa Oleifera, goji berries,
and kale were the three superfoods selected for this
research project. Moringa Oleifera is a nutrient
and antioxidant-rich plant with leaves containing
all nine essential amino acids. “Almost all parts
from Moringa can be used as a source for nutrition
with other useful values” (Abdull Razis et al.). Goji
berries are hearty plants which also have numerous
antioxidants, vitamins and other nutritious
benefits. These berries are also high in protein
(“Fresh,” 2021). Kale is an incredibly healthy food,
packed with nutrients, and has high antioxidant
levels, similar to the other chosen superfoods.
Additionally, research has been done that shows
kale can be preventative to many types of cancer
(“Health,” 2010). Together, these three superfoods
contribute to a complete set of nutrients needed
in a balanced human diet. For a truly holistic and
complete human diet to be accomplished, there
will need to be more variation in the type of plants
consumed on space missions. For the sake of
this report, however, only Moringa Oleifera, goji
berries, and kale will be analyzed due to the Project
H.O.M.E.'s resources. More research can, and
should be, done on superfoods.

According to a research project conducted
by the Florida Institute of Technology, the regolith
on Mars was determined unable to sustain the
growth plants without nutrient supplementation
due to its composition (Eichler et al., 2021). A
number of other reports have also concluded
that the Mars regolith is not a feasible way to
grow crops. This conclusion means that scientists
will have to find another way to grow plants on
Mars. On Earth, the use of hydroponics systems
has become increasingly popular in the past few
decades. There are many advantages of using
hydroponics systems. Hydroponics generally
produces a greater crop growth and yield, is up
to 90% more water efficient, is easier to control
the corresponding environment, and has no need
of pest control since the plants are in an enclosed
system (“Benefits,” 2021). Hydroponics also creates
opportunities “to create farms in locations where
soil conditions are too poor to support farming,
or space is limited and a farm otherwise couldn’t
exist” (“Benefits,” 2021). For the Project H.O.M.E.
Dutch bucket system, a media called perlite is
used to keep the Moringa Oleifera trees upright
and stable. This media is used in place of soil for
many reasons. “Extensive testing over a period of

Hydroponics on Mars
Finding a way to grow food in space has
been an ongoing investigation, and there have been
some successful research projects up to this date.
The Vegetable Production System (called Veggie
3

Hydroponically Growing a Holistic Superfood Diet for Mars Exploration
Beyond Vol. 6
years has documented the value of perlite for high
value crop production” (Hall, 2020). Perlite is a
“moisture-holding medium,” which could help
the plants retain water if there is less water flow
on Mars due to the difference in gravity (Hall,
2020). This media is also lightweight, making it
easy to transport and store (Hall, 2020). Since
soil is not being used for the hydroponics systems,
FloraGro nutrients are added to the water, so the
plants are receiving the proper nutrients they need
to flourish. Project H.O.M.E.’s experiment with
the hydroponics systems therefore bypasses the
concerns about needing soil to grow food on Mars.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Methodology
In Project H.O.M.E.’s 2020 to 2021
experiment, members experimented with growing
Moringa Oleifera, goji berries, and kale in Dutch
bucket, NFT, and tower garden hydroponic
systems, enclosed in a 8x12ft greenhouse on the
grounds of Embry-Riddle Aeronautical University.
With this iteration of the experiment, investigators
tested whether the growth of the superfood plants
in simulated lighting conditions will be similar to
their growth in regular lighting conditions here on
Earth. To test this hypothesis, investigators grew,
dried, and weighed superfoods in a semi-controlled
environment to record the yield of each superfood
in grams. The amount of nutrients added to
each hydroponic system was decided upon by
researching and referencing the USDA to make
sure the ratio of nutrients for each gram of the
plants was correct (“Home,” n.d.).
•
•
•
•
•

These were the materials used for Project
H.O.M.E.’s research project. The same project
could be recreated by purchasing and using
these materials in the way described in the
next section. Depending on the location of the
greenhouse in a recreated project, additional
purchases such as a heater or air conditioner may
need to be bought.

Dependent Variables
Yield of plants recorded in grams
Lighting

Equipment/Inventory
Dutch buckets system (10 buckets)
Two Tower Garden systems
One NFT Table
Dehydrator machine with trays
Scale
iMonnit monitoring system
Solar panels
Solar charge controller
Batteries for solar panels
Greenhouse enclosure
FloraGrow nutrients
Mineral blend pH base/acid
pH tester kit
Perlite
Water/air pumps
10 Moringa Oleifera plants
20 goji berry plants (tower garden)
20 curly kale plants (NFT table)
20 prizm kale plants (NFT table)
10 lacinato kale plants (tower garden)
Clippers/scissors to harvest plants
Safety goggles
Mold/mildew cleaner
Paper towels
Ziploc bags
String

Experimental Process
Project H.O.M.E. purchased the Moringa
Oleifera plants through a local farm called A
Natural Farm, because this farm is local and
has been selling healthy plants since 2012 (“A
Natural Farm,” n.d.). Once the Moringa Oleifera
trees arrived in October 2020, they were placed
inside the greenhouse for a few days so they
could acclimate. During these initial days, the
plants were sanitized and washed to ensure the

Independent Variables
Control Variables

Humidity
Temperature
Pests
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hydroponics systems remain as clean as possible.
The plants were then transferred into the Dutch
buckets system. The water in the basin of the
system had to be pH tested, then corrected with
pH base and pH acid mineral blends. Testing
the pH of the water was done monthly for all
of the hydroponic systems, and only altered if
there is a drastic change in pH. From October
to December of the same year, the plants were
cared for weekly. The members of Project
H.O.M.E. made sure the water and air pumps
were functioning properly, the Moringa trees did
not have bugs on them, the water level in the
basin was maintained, and one cup of FloraGro
nutrients was added to the basin of the Dutch
bucket system every week.

Figure 1.0: The Moringa Oleifera trees are growing in the Dutch bucket
system.

The Moringa trees were still growing
when they were first harvested on 12 December
2020. Using regular gardening clippers, Project
H.O.M.E. members trimmed some of the
Moringa stems for all ten of the trees. The
leaves were then carefully separated from the
stems and placed in separate Ziploc bags. Each
bag was sealed and placed one at a time on the
digital scale to be measured. The wet mass of
the harvest, the date, the type of plant, and the
part of the plant were recorded and written on
each bag. The stems and leaves were taken out
of the bags, spread out on a paper towel, and
set on a tray inside the dehydrator on separate
shelves to keep track of the harvest. A timer on
the dehydrator was set for six hours. (Read the
directions on the dehydrator to know how long
to dehydrate the harvest.) When six hours have
passed, the harvest is taken out of the dehydrator
and placed in their respective bags once again.
The stems and leaves are again weighed on the
digital scale, and the dry mass is then recorded
and written on each bag. The harvest was stored
indoors in a cool, dry place.

The goji berry plants were purchased in
November 2020 from Amazon because that
was the most cost efficient at the time. Once
the plants arrived, they were acclimated and
sanitized similar to the process completed with
the Moringa trees. The goji plants were then
transferred into one of the tower garden systems,
where the water in the basin was pH tested and
corrected like the Dutch buckets system. The
roots of the goji berry plants had to be rinsed
off completely so there was no lingering dirt to
possibly clog the pumps. The plants were cared
for by making sure the water and air pumps were
functioning properly, there were not any bugs,
the water level in the basin was maintained, and
a half a cup of FloraGro nutrients was added to
the basin of the tower garden system every week.
Project H.O.M.E. members harvested and stored
the goji berry plants the same way as the Moringa
trees, except the berries, stems, and leaves were
measured and recorded for the goji berries.
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centrally on the ceiling of the greenhouse, which
monitored the greenhouse 24/7.

Figure 1.2: The kale is growing in the nutrient flow table.

Results
Figure 1.1: The goji berries are growing in the tower garden system.

The plants were harvested throughout an
eight-month period: December of 2020 to July
of 2021. During this time, Project H.O.M.E.
members grew the Moringa Oleifera, goji berry,
and kale plants, harvesting them as necessary. The
Moringa trees were the most successful out of all
three of the plants grown when looking at data
collection. They produced the largest abundance
of food during the timeline mentioned above.
During each harvest, both the wet and dry
mass of the Moringa stems and the leaves were
collected and recorded. Table 1.0 in Appendix 1
shows the harvest number, the harvest date, the
wet mass of the Moringa stems, the dry mass of
the Moringa stems, the wet mass of the Moringa
leaves, and the dry mass of the Moringa leaves.
These numbers were analyzed and put into a
graphical format to show the output trends of the
Moringa leaves. Graph 1.0 shows the amount, in
grams, of leaves for each of the harvests. Harvest
number 10, which was on 11 June of 2021,
shows the greatest number of leaves collected.
On this date, 188 grams of Moringa leaves were
harvested. Interestingly enough, this harvest did
not produce the driest leaves, which is the main
number that this research project is focused on.
Harvest number eight, which was on 25 May of
2021 produced the most dehydrated Moringa
leaves at around 53 grams. The last two harvest
numbers (11 and 12), show the least number of

Two different types of kale plants were
purchased in January 2021: Prizm kale and
Lacinato kale from the GrowJoy store, because
that was the most cost efficient at the time.
The acclimation, sanitation, pH testing and
correction, harvesting, and storing process for
both types of kale were the same as the goji
berry processes. However, the Prizm kale was
transferred to the NFT table, while the Lacinato
kale was transferred to the other tower garden.
The roots of the kale plants also had to be rinsed
off completely so there was no lingering dirt
to possibly clog the pumps. The NFT table
was connected to the Dutch buckets system,
so the pH for the NFT system was already
regulated and the nutrients cycled through
the NFT table when they were added to the
Dutch bucket basin. Mars receives only about
60 percent of the light received on Earth. Since
this research project aims to simulate Mars
lighting conditions, the amount of sunlight
the plants and solar panels were exposed to was
managed. A shaded cloth was secured on top of
the greenhouse, covering the entire greenhouse
and solar panels. To help with the data analysis,
Project H.O.M.E. installed a monitoring
system that periodically measured the humidity,
temperature, light intensity, and CO2 levels
inside the greenhouse. This system used the
iMonnit software and a wireless sensor, hung
6
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harvests. For both the harvest number one and
two, about a month and a half apart, the wet
mass of the goji berries was the same: 5 grams.
When dry, however, each of the harvests varied
by approximately one gram. This could be due
to a slight change in the dehydration time, or a
weighing error, both human errors. There is not
enough goji berry data in this project in order
to analyze the efficiency and effectiveness of
growing goji berries for an astronaut’s balanced
diet.

leaves produced. This low harvest amount could
be due to the massive previous harvest number
10 but could also be in part a factor of the
summer heat beginning to affect the plants.

Graph 1.0: This graph shows the amount of Moringa leaves recorded for each
harvest in grams. The x-axis (labeled Harvest Number) is each of the dates
when the Moringa leaves were harvested.

The data collection for the goji berries is
extremely minimal. Only two harvests of goji
berries were recorded in all. The goji plants took
many months to grow, and they did not begin
producing berries until early May 2021.

Graph 1.1: : This graph shows the amount of goji berries recorded for each
harvest in grams. The x-axis (labeled Harvest Number) is each of the dates
when the goji berries were harvested.

The data collection for the kale also did
not have as many harvests as desired. Only one
harvest for each of the Prizm and Lacinato kale
was recorded, and only two harvests for the Curly
kale were recorded. This lack of consistency
and quantity was in part due to the heat inside
the greenhouse and the white fly and aphid
infestation. These two issues will be discussed
more in the next section.
Figure 2.0: Goji berry harvest

After only a few harvests, the heat inside
the greenhouse finally killed off the goji plants.
During each harvest, both the wet and dry
mass of the goji stems, leaves, and berries were
collected and recorded. Table 1.1 in Appendix
2 shows the harvest number, the harvest date,
the wet mass of the goji stems, the dry mass of
the goji stems, the wet mass of the goji leaves,
the dry mass of the goji leaves, the wet mass of
the goji berries, and the dry mass of the goji
berries. These numbers were analyzed and put
into a graphical format. Graph 1.1 shows the
amount, in grams, of berries for each of the

Figure 2.1: Kale harvest

During each harvest, both the wet and
dry mass of the kale leaves were collected and
7
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Discussion

recorded. Table 1.2 in Appendix 3 shows the
harvest number, the harvest date, the wet mass
of the kale leaves, the dry mass of the kale leaves,
and the type of kale for each harvest. These
numbers were analyzed and put into a graphical
format to show the output trends of the kale
leaves. Graph 1.2 shows the amount, in grams, of
leaves for each of the harvests. Harvest number
three on 21 April 2021 showed the most kale
leaves produced. 169 grams of Curly kale was
dehydrated during this harvest. Similar to the
Moringa leaves, the highest wet mass of kale
leaves was not the highest dry mass. Harvest
number four, on May 27th of 2021, produced
the driest mass of Curly kale leaves, weighing
about 53 grams. The Lacinato kale seemed to do
the worst overall, giving only one harvest, harvest
number two, before dying off. Additionally, the
Lacinato kale in harvest number two produced
the least amount of all the harvests, both wet and
dry, with only 20 grams of dry kale leaves.

The reduced lighting did not seem to have
a substantial impact on any of the plants’ health.
This is a good sign considering the larger distance
between Mars and the Sun versus Earth and the
Sun. However, since Mars has a much thinner
atmosphere than Earth, there will be more direct
radiation towards the plants on Mars than here
on Earth (Garner, 2015). Direct radiation was
not accounted for in this project, as only lighting
was being tested. Project H.O.M.E. collected
a substantial amount of data for the Moringa
trees, and the plants grew well under the reduced
lighting conditions. The Moringa trees did not
seem to be affected dramatically by the reduction
in lighting. Instead, they continued to grow and
produce leaves. During some weeks, the harvest
would be greater, or the leaves would turn
more yellow. These fluctuations could be due to
seasons, temperature variations, or possibly just
differing growth yields. Similar factors could have
hindered the growth of the goji berry plants.
Many of the goji plants did not produce berries
at all, explaining the low yield of goji berries
in Graph 1.1. Even with all the challenges that
arose, the Moringa trees were able to withstand
the drawbacks, adapt, and continue to produce
food much better than both the kale and goji
berry plants. With this result, Moringa Oleifera
could potentially be a candidate food source to
grow on Mars since it performed well even under
the reduced lighting conditions.

Graph 1.2: : This graph shows the amount of kale leaves recorded for each
harvest in grams. The x-axis (labeled Harvest Number) is each of the dates
when the kale leaves were harvested.

Humidity, Light, and Temperature
Through the iMonnit system, graphs of
the Average Humidity, Average Lux, and Average
Temperature were produced. Each graph spans
over the 10-month period during which the
superfood plants were grown. These three graphs
are shown in Appendix 4, 5, and 6, respectively.
Graph 1.3 shows the average humidity inside
the greenhouse, Graph 1.4 shows the average lux
inside the greenhouse, and Graph 1.5 shows the
average temperature inside the greenhouse.

The humidity inside the greenhouse
played a huge role in the overall plant health
and did not simulate Mars as much as desired.
Since the greenhouse was almost completely
sealed, the humidity and temperature were very
high, which did not help the prosperity of the
plants. Throughout the eight-month period of
growing the superfood plants, Project H.O.M.E.
introduced fans into the greenhouse to try and
manage the temperature; the fans only helped
slightly, and many of the plants ended up dying
due to the heat. In fact, the Prizm and Lacinato
kale were planted first, and were supposed to last
8
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for the entire eight-month period, but they died
around the end of March.

Figure 3.0: Kale plants died because of the heat
Figure 3.1: Ladybug on kale plant

Curly kale was then purchased and planted
around the beginning of April for the remainder
of the eight months. Recent research has shown
that Mars does in fact have humidity (Gronstal,
2019; “Rems,” 2021). However, Mars’s humidity
is not believed to be as severe as Earth’s humidity,
and data is still being collected from various
robots such as the Mars Phoenix Lander and
Curiosity Rover (Gronstal, 2019; “Rems,” 2021).
Another factor that hindered the
superfoods’ growth was the white fly and aphid
infestation. Around a month after transferring
the kale into the tower gardens, small white bugs
began to attach themselves onto the kale leaves.
Whiteflies and aphids commonly attack fruits
and vegetables, reproducing quickly as they
feed off their host plant (“Controlling,” 2021).
During this project, only the kale plants were
negatively affected for a long period of time and
could be a reason the kale plants died so quickly.
On Mars, pests such as whiteflies and aphids will
not be a problem. Unfortunately, the bugs in the
greenhouse on Earth were affecting the data and
killing the plants, so they had to be dealt with.
Research found that one of the most natural
ways to fight pests like whiteflies and aphids
was introducing them to a natural predator (in
this case: ladybugs). Since using chemicals could
potentially harm the plants further, Project
H.O.M.E. members decided natural predators
would be the best way to attempt to deal with
the situation. Around mid-February, 1,000
ladybugs - divided into three different release
days - were brought into the greenhouse.

Figure 3.2: Ladybug eating an aphid

Initially, the whitefly and aphid population
seemed to decrease; the kale leaves were looking
less withered and yellow. However, the number
of spiders and spiderwebs quickly increased. The
spiders ended up killing off all the ladybugs in
almost no time, and webs were spun all around
the plants.

Figure 3.2: Ladybug caught in a spider’s web

For these reasons, the ladybugs did not
work as a solution to the whiteflies and aphids.
The other solution Project H.O.M.E members
researched and found was a natural pesticide
9
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called Neem oil, which is commonly used for
whiteflies, aphids, and other pests. The Neem oil
was sprayed on the kale plants’ leaves weekly to
combat the pests. If the greenhouse were to be
completely sealed, the results would have most
likely been more accurate and reliable.

Other elements to take into consideration
for further research projects could be the
different gravitational pull on Mars compared to
the Earth and the sandstorms and windstorms on
Mars (“Sunlight,” 2016). These differences could
affect the water that flows in the hydroponics
systems and could negatively affect the plants, so
a greenhouse or something similar will be needed
to protect the plants.

Conclusion
Determining feasible, cost-effective ways to
grow food in space has been one of the challenges
for all space companies of the 21st century. The
use of hydroponics systems to grow various
superfoods on Mars is feasible, but further
research needs to be done for a more complete
and secure idea of exactly how well it will work.

Further research must be conducted to
determine the feasibility of the project as a
whole. Moringa Oleifera, goji berries, and kale
can be grown under reduced lighting conditions.
However, further research is needed to guarantee
that the crops can be harvested in full yearround. After this initial step is proven to be
successful, additional factors can be considered,
including humidity, radiation, and carbon
dioxide levels, to ensure that the plants are able
to develop under these conditions.

The original hypothesis for this report
was rejected, since there were too many
outside factors hindering the results of Project
H.O.M.E.’s research. Although the Moringa trees
performed well even with the reduced lighting
conditions, the hypothesis could not be accepted;
there was not enough legitimate data to come to
a determinative conclusion. Human error was
part of this project more than necessary. When
harvesting and dehydrating the produce, data
could have been lost in the transfer between
stations. In the dehydrator, some leaves or stems
could have dried more than others, affecting
the dry mass of the harvest. The variation in the
timeline - due to the plants not being in season
at the time or the delivery time from the farmer
- when the plants were purchased and planted
could have ultimately affected the results. Also,
the entire greenhouse was powered by solar
panels. Although solar power was good to use
for the project because it could also be used on
Mars, there were also some issues associated with
it. During certain days with covered skies, the
batteries ran out, causing the water pumps to
stop running. Project H.O.M.E. members had
no way of knowing that this was happening, so
the plants would sometimes be sitting in still
water for hours at a time.
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Appendix 1

Table 1.0: This table shows the Moringa Oleifera data recorded from December 2020 to July 2021.

Appendix 2

Table 1.1: This table shows the goji berry data recorded from May 2021 to July 2021.
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Appendix 3

Table 1.2: This table shows the kale data recorded from March 2021 to May 2021.

Appendix 4

Graph 1.3: This graph shows the Average Humidity data recorded inside the greenhouse from October 2020 to July
2021.
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Appendix 5

Graph 1.4: This graph shows the Average Lux data recorded inside the greenhouse from October 2020 to July 2021.
(Lux - light measurement - is known as luminous flux per unit area, which is equal to one lumen per square meter.)

Appendix 6

Graph 1.5: This graph shows the Average Temperature data recorded inside the greenhouse from October 2020 to
July 2021.
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